The absorption of polarized light in superconductors is studied within the framework of the Bogolubov-de Gennes § approach to inhomogeneous superconductors in magnetic fields. Several mechanisms which give rise tö a polarization-dependent absorption © i .e., dichroism in superconductors are analyzed in detail. The relation tö the absorption of unpolarized light in superconductors and to the absorption of polarized light in normal conductors is investigated and several effects, not known from either of these cases, are found. These effects arise from the interplay of broken chiral symmetry, which produces dichroism, with the superconducting coherence.
I. INTRODUCTION
In this paper we present a systematic approach to the polarization-dependent ! absorption of light in superconductors.
"
The phenomenon that left-handed circularly polarized light # and right-handed circularly polarized light are absorbed differently $ by many substances is commonly known as dichroism.
%
Dichroism in the presence of an external magnetic field is usually referred to as the Faraday effect or the Kerr effect, & depending on the geometry of the experiment. Dichroism % in the absence of external magnetic fields is often referred to as spontaneous dichroism. It is found in magnetically % ordered systems, such as iron, but also in systems which ' break inversion symmetry, such as sugar. In the present ! paper we use the term dichroism to refer to all situations ( in which the absorption of light depends on its polarization.
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IV and a summary in Sec. V.
II. PERTURBATIVE APPROACH TO DICHROISM IN SUPERCONDUCTORS
A.
x Perturbation theory
1.
y
The spin-Bogolubov-de
Gennes equations
The proper microscopic description of inhomogeneous superconductors ,n 7 . A time-dependent perturbation gives rise to transitions from one state of the system to another. We take the perturbation 
The transition probability per unit time for a transition from the 
Further terms could be included in 
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The ASOC term then is a first-order perturbation, just as the conventional SOC. Indeed, the vortex lattice is among ( the situations in which this term is expected to be most important.
In order to facilitate the treatment of strongly and weakly inhomogeneous situations, we will keep both 
. 
Here we employed the particle-hole convention, i.e., all energies { are positive, the sums are limited to positive energy single-particle 
we now substitute the unperturbed solutions to the SBdGE,
as given by Eqs. an expression for the off-diagonal elements ø of the imaginary part of the conductivity tensor. Proceeding ù in this way it is immediately found from Eq.
i.e., there is no dichroism. The p In E the next step we include all the stationary perturbations which C were discussed above in order to find out if, and under which C circumstances, these produce dichroism in superconductors.
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To this end we substitute Eqs. 
A is the vector potential of the static magnetic field B, á and should 8 not be confused with that of the light wave, A
.
C
The matrix elements of the time-dependent D perturbation enter through
and also appears in many approaches to dichroism in the normal state and in magnetically ordered materials. 2, 34, 35, 40 p I e n 0 , This mechanism is easy to interpret physically: the magnetic n field breaks time-reversal invariance and leads to a finite n spin magnetization. Since the initial single-particle states are v occupied in pairs with total spin zero, the main contribution i to this magnetization arises from the final states. The spin-orbit ï coupling converts the broken orientational symmetry i in spin space into a broken chiral symmetry in real space. The polarization of the light is sensitive to the chiral symmetry 9 of the system, hence dichroism arises. This ¢ mechanism is known from normal and magnetically ordered°metals to give rise to the Faraday and Kerr effects and v to x-ray magnetic dichroism, respectively. 
Hence, to have dichroism from the spin-orbit coupling, the presence £ of magnetic fields and thus of broken time-reversal invariance is mandatory. This is confirmed by many investigations b on normal and magnetic materials. 
AE

Existence criteria
We Ç can extract from the general formula a number of ''existence criteria'' which determine under which circumstances one can expect dichroism at all. From the above discussion w of the mechanisms we already have Existence criterium 1: There is no dichroism due to spinorbit coupling in the absence of magnetic fields. Existence È criterium 2: There is no dichroism due to BCStype order parameters, i.e., order parameters which are real and spatially constant. Existence criterium 3: Any perturbation whose contribution to Eqs. 
r Similar to the superconducting case, the second term in the sum on m represents the contribution of the single-particle states below the Fermi surface, while the first term represents that of states above it. This formula describes dichroism due to the creation of particle-hole excitations in the normal metal. ' 6 1 (
Finally,
A we define 
Qualitative analysis of the SOC mechanism
The simple form of Eq. 
) . These step functions impose restrictions on the integration limits of the E 1 integral, which can symbolically be written as give rise to dichroism without magnetic fields. This is the same conclusion we already arrived at in Sec. II C 1 by following a somewhat different line of reasoning. . For this purpose we have to assume a particular form for the SDOS.
The simplest choice, the BCS form Many parametrizations of the SDOS which take these effects into account have been suggested in the literature. 41, 53, [56] [57] [58] In µ the following, we model the SDOS in a way similar to that of Hebel and Slichter in their seminal work on NMR in superconductors.
53,57,58
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The SDOS is written as a weighted average over the BCS-DOS, . Since under these circumstances the penetration depth is much larger than both the coherence length and the lattice constant, the light probes the bulk of the superconductor. At this point we therefore neglect any surface-specific sources for dichroism and use typical bulk values for the energy gap, the SDOS, etc. Iñ concluding this section we stress that our calculations are meant only to illustrate the physics of the SOC mechanism and not to provide quantitative predictions for real superconductors.
For the latter purpose, a self-consistent solution of the SBdGE is required.
D. Numerical results
The t integrations in Eq. Clearly, under such circumstances, the observation of dichroism
as in Fig. 6 , could be decisive.
3.
6
Dependence on frequency For more detailed illustrations we have chosen the mechanism based on the conventional spin-orbit coupling because it u is known to be the dominant mechanism in the normal state.
Numerical calculations for a simple model superconductor 
